Small GTPases have diverse roles in animals and yeast, including signal transduction, regulation of secretion, organisation of the cytoskeleton, and control of cell division. Similar GTPases have also been found in bacteria, such as the Escherichia coli GTPase ERA, which is involved in regulating metabolism and cell division [ 
Results and discussion
The ERG gene was isolated as a 1727 bp complementary DNA hybridising to a genomic fragment adjacent to the FIMBRIATA (FIM) gene of Antirrhinum [5] . The cDNA contained a 1269 bp open reading frame encoding a 48 kDa protein of 423 amino acids (Figure 1 ). The amino terminus of the ERG protein showed no homologies to database sequences, although computer predictions indicated that the protein is most probably targeted to mitochondria by amino-terminal sequences [6, 7] . Over the 290 amino acid region containing characteristic GTP-binding motifs, ERG showed 35% amino acid identity (58% similarity) with the ERA protein of E. coli ( Figure 2 ). The regions of strongest similarity included those known to be involved in GTP/GDP binding and GTPase activity, and the extreme carboxy-terminal region, which is not usually conserved in small GTPases. ERG showed conservation of sequence motifs in the GTPase domains (particularly in domains 1 and 2) previously thought to be specific to ERA and its bacterial homologues, indicating that ERA and ERG are members of the same family of GTPases [1, 8] .
The close linkage of ERG to FIM in Antirrhinum (distance < 2 kb) raised the issue of whether similar linkage was present in Arabidopsis. The orthologue of FIM in Arabidopsis is UNUSUAL FLORAL ORGANS (UFO) [9] . Analysis of the genomic region of UFO revealed an expressed gene nearby which encodes a protein with 70% amino acid identity and > 80% similarity to ERG. The Arabidopsis protein was also predicted to be targeted to the mitochondria and the gene was situated less than 1 kb from UFO. Neither of the plant ERA-like proteins possess farnosylation sites typical of cytoplasmic membrane-associated small G proteins, supporting the theory that they may be located elsewhere in the cell, for example in the mitochondria.
When RNA gel blots of poly(A) + RNA from floral tissues (inflorescence tips and developing flower buds at various stages) were probed with the ERG cDNA, a transcript of approximately 1.85 kb was detected, indicating that our cDNA clone was truncated by 70-80 bp ( Figure 3) . Expression was particularly strong in inflorescence tips, although it was present in all samples. Analysis using reverse transcriptase and the polymerase chain reaction (RT-PCR) revealed that ERG transcripts were also present in vegetative apices, leaves and stems. In situ hybridisations were carried out on inflorescence tissues and showed that ERG expression was strongest in dividing cells (for example in meristems) and metabolically active cells (for example the endothelium of the mature ovule) -an expression pattern reminiscent of genes involved in basic cellular processes required for growth and division.
The close linkage of ERG to FIM permitted site-selected mutagenesis to be carried out in plants carrying a weak At 15 days after pollination, about 75% (79/107) of seeds from self-pollinated plants heterozygous for erg-683 contained normal healthy embryo sacs with a globular embryo and well cellularised dense endosperm. The remaining 25% (28/107) of seeds analysed contained arrested embryo sacs with a small embryo in which the apical cell had divided only two or three times. The endosperm, which usually cellularises ab initio in Antirrhinum, was uncellularised in this class of seed, and contained a few very large nuclei with multiple nucleoli ( Figure 5 ). Mutant embryo
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Figure 3
Northern blot analysis of ERG expression in inflorescence tips and flowers. Lanes 1-5 contain 5 µg poly(A) + RNA from inflorescence tips, 1-2 mm flower buds, 3-5 mm flower buds, 6-8 mm flower buds and fully opened flowers, respectively. Total RNA was prepared using a standard LiCl precipitation procedure and poly(A) + RNA was subsequently isolated by absorption onto oligo-dT resin (Pharmacia).
The blot was hybridised with the complete ERG cDNA insert, washed under stringent conditions and exposed to X-ray film for 7 days. Experimental details for site-selected transposon mutagenesis were as described in [10] .
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Figure 5
Comparison of a wild-type (WT) and mutant (erg) embryo sac. In the wild type, the globular embryo (emb) is surrounded by dense cellularised endosperm cells (end) and the endothelium cell layer (eth). In the mutant, the embryo proper is reduced in size and contains two to four large cells. The small amount of endosperm present is not cellularised and is visible only as a few large nuclei (nuc) with multiple nucleoli. The lack of endosperm allows the profiles of the underlying endothelial cell wall (cw) to be seen. Developing seeds were prepared by fixation in 4% paraformaldehyde (in PBS pH 7), rinsed in saline solution, dissected, placed in drops of Hoyers solution [14] and viewed after 1-2 h with differential interference contrast (DIC) optics on a Nikon microphot-SA microscope. Null mutations of FIM had a phenotype restricted to floral morphogenesis and with no effect on embryogenesis [10] . The phenotype observed in erg-683 embryos, in which both FIM and ERG are deleted, is therefore most probably due to the loss of the ERG gene. To our knowledge, ERG is the first small GTPase from a plant to have been analysed in terms of its mutant phenotype. The function of ERG in plant cells is not clear, although it seems to be vital for plant growth and development. ERG contains recognised mitochondrial localisation sequences and is related to a prokaryotic rather than a eukaryotic protein, indicating that it may have a role in mitochondrial development. It is possible that ERG was initially a mitochondrial gene which moved to the nucleus during evolution, as is the case for many of the genes required for protein synthesis and regulation in yeast and animal mitochondria [11] . The role of ERG in mitochondria may prove to be analogous to that of ERA-related proteins in bacteria. In E. coli, ERA is essential for cell viability and is involved in the regulation of cell division and several aspects of metabolism [12, 13] . The placement of key regulatory genes from mitochondria (especially genes regulating division) under nuclear control may represent an important means of regulating mitochondrial number and activity during different stages of the plant life cycle.
